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ABSTRACT
Biosynthesis of silver nanoparticles using some Streptomyces species was reported, out of 46 strains
tested, 15 strains showed ability to synthesized AgNPs. Among which the two potential Streptomyces M-13
and Streptomyces M-24 showed high potency of production of silver nanoparticles. Biosynthesized AgNPs
from potent strain was characterized using UV-visible spectroscopy, FTIR analysis, Transmission Electron
Microscope (TEM). TEM study indicated the formation of spherical shape distributed silver nanoparticles
without aggregation varying from 10-20 nm in size. The silver nanoparticles synthesized by potential
Streptomyces M-13 and Streptomyces M-24 showed good antibacterial activity against Gram-positive and
Gram-negative bacteria by well diffusion method. The two potential Streptomyces species M-13 and M-24 was
characterized and identified as Streptomyces graminofaciens and Streptomyces catenulae, respectively. The
two Streptomyces strains reported in the present study are a newly added source for the biosynthesis of silver
nanoparticles and these nanoparticles can be used potentially for biomedical application.
Keywords: Silver nanoparticles, Streptomyces graminofaciens, Streptomyces catenulae, TEM, antimicrobial
activity.
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INTRODUCTION
Nanotechnology is emerging as a rapidly growing filed with its application in science and technology
[1]. The synthesis of nanoparticles of different chemical compositions, sizes, and controlled monodispersity is
an important area of research in nanotechnology. In addition, there is a growing need to develop
environmentally benign nanoparticle synthesis processes that do not use toxic chemicals in the synthesis
protocols. In modern nanoscience, the interaction between inorganic molecules and biological synthesis is one
of the most exciting areas of research.
In this respect, many unicellular and multicellular microorganisms were viewed as ecofriendly
nanofactories to produce inorganic materials either on intra- or extracellular level [2-6]. Biological approaches
using microorganisms, such as bacteria, actinobacteria, moulds, yeast, algae [8], and plant or plant extracts
have been suggested as valuable alternatives to chemical and physical methods. The biological methods are
eco-friendly, low cost and provide good yields. Recently, actinobacteria isolated from different ecosystems
were recognized as potential synthesisers of gold and silver nanoparticles [31, 35]. The spread of multidrug
resistant bacteria is one of the most serious threads for successful treatments of infectious diseases [15].
It was reported that silver had been used as antimicrobial agents since ancient times [9]. With the
advancements in nanotechnology, AgNPs have found its significant application as antimicrobial agents, in fileds
of microelectronics, catalysis, and biomolecular detection [10-12]. Although the antibacterial activity of AgNPs
has been proved in the recent years, the actual mechanism of action is not yet clear. They may inactive
microorganisms by interacting with their enzymes, protein or DNA to inhibit cell proliferation [13]. it is also
evident that the increased antimicrobial activity of AgNPs may be attributed to its special characteristics of
small size and high surface area to volume ratio [14].
The current study involves the biosynthesis of AgNPs for biomedical applications by using
actinomycetes isolate. The synthesized AgNPs were characterized and tested for their antimicrobial activity.
MATERIAL AND METHODS
Samples were collected for the isolation of actinomycetes from soil and rhizosphere samples collected
from different locations in Egypt from a depth of 10-15 cm. The collected samples were carefully stored in
polythene bags and transported to the laboratory for further uses. The isolation was carried out by serial
dilution technique on starch casein agar medium supplemented with nalidixic acid (20 ug/ml) and and nystatin
(100 ug/ml) to reduce bacterial and fungal population incubated for 6-7 days at 37oC. The actinomycetes
isolated were identified based on their morphological, physiological, and biochemical characteristics. The
obtained isolates were maintained and stored on Starch Casein Agar (SCA) medium for further use.
For screening of strains for synthesis of AgNPs, 46 isolates were freshly inoculated on 50 ml sterile
starch casein medium in flasks and the flasks were incubated at 28∘C on rotary incubator shaker at 150 rpm for
5 days (pH 7.0). After incubation period, the culture was centrifuged at 5000 rpm for 30 min and the
supernatant was used for the biosynthesis of AgNPs. Deionized water was used as a solvent in the synthesis of
AgNPs. The collected supernatant (pH 7.0) was added separately to the reaction vessel containing silver nitrate
at a concentration of 1% (v/v) and incubated on an orbital shaker at dark condition at 30∘C for 24 h . The
reaction was carried out in the dark after the addition of the AgNO3, the flasks were observed for the synthesis
of AgNPs by color change [16]. The cell free supernatant without the addition of AgNO3 was maintained as
control. After desired reaction period, the reaction mixture containing silver nanoparticles was centrifuged at
10,000 rpm for 15 min, for disposing any impurities. The process of centrifugation and re-dispersion in sterile
double distilled water was repeated thrice to ensure better separation of free entitles from the metal
nanoparticles. The purified pellets were freeze dried using a lyophilizer [17]. According to the fast reduction of
AgNO3 into AgNPs, a proficient Streptomyces strain was selected and used for further characterization.
The reduction of silver nitrate to silver using Streptomycetes extract was monitored by measuring the
UV-Visible spectrum of the reaction mixture after diluting a small aliquot of the sample with deionized water,.
The measurements are recorded on Shimadzu Dual Beam Spectrometer (Model UV-1650 PC) operated at a
resolution of 1nm. FT-IR measurement was carried out for silver nanoparticles to identify the possible
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bioactive molecules responsible for the reduction of the Ag+ ions, in the diffuse reflectance mode at a
resolution of 4cm-1 using KBr pellets and the spectrum was recorded in the wavelength interval 4000 to
500cm-1. TEM technique was employed to visualize the size and shape of silver nanoparticles. The 200KV high
resolution transmission electron microscope (FEITECNAI F- 20) was used. TEM grid was prepared by placing a
drop of the particle solution and drying under a IR lamp [18].
Identification of potential two actinomyces was performed using phenotypic method and molecular
identification. Morphological (macroscopic and microscopic), biochemical, and physiological characterization
of potential Streptomyces species were tested following the standard protocol of the International
Streptomyces Project (ISP) [19] and was identified with the help of keys of Bergeys manual of systematic
bacteriology (1989, 1994).
Antimicrobial activity of the silver nanoparticles was checked by agar well diffusion method on
mueller hinton agar plates. The concentrations of bacterial suspensions were adjusted to 0.5 McF using a
spectrophotometer and were lawn cultured on mueller hinton agar (MHA) plates by using sterilized cotton
swabs. In each of these plates, wells were cut out using a standard cork borer (6 mm diameter). Using a
micropipette, 100μl of silver nanoparticle (100μg/ml) and 100μl of distilled water as control was added to
separate wells. Plates were incubated for 24 hours at 37°C. Anti-bacterial activity was evaluated by measuring
the zone of inhibition. Experiment was performed in triplicates [21].
RESULTS AND DISCUSSION
A total of 46 Streptomyces species samples were isolated from collected soil, rhizosphere and marine
samples. The isolated Streptomyces spp are inoculated into the production starch nitrate medium and glycerol
yeast extract agar for screening of biosynthesis of silver nanoparticles. Among 46 strains, tested 15 strains
showed color change from yellow to brawn indicated the ability to synthesis AgNPs. The Ag+ ion reduction was
evidently noticeable when AgNO3 was added to the supernatant of Streptomyces species and the color
changed from yellow to dark brown after few days. In control there was no color development (fig 1). Similar
reports of color change during extracellular biosynthesis of AgNPs were also reported [22-25]. The color
change of the Streptomyces filtrate from colorless to dark brown (test) on addition of AgNO 3 suggested the
formation of silver of silver nanoparticles.

A

E

Figure 1: (A) control before addition of AgNO3 . (E) –Ve sample have no reaction after addition of AgNO3 and incubation
for few days. (B,C,D) After addition of AgNO3 and incubation for few days showing different degrees in color changing
from dark yellow to dark brown.

The generation of dark brown color is due to the surface Plasmon resonance (SPR) exhibited by the
nanoparticles [25]. The UV-Vis spectrum in fig (a,b) showed SPR peak of silver nanoparticles at 425 and 417 nm
. It is well known that the size and shape of the silver nanoparticles reflects the absorbance peak [26]. The
absorption spectrum obtained showed a strong surface Plasmon resonance band maximumal 425&417 nm fig
2 (a,b) a characteristic peaks of silver nanoparticles [23]. Although actionmycetes are known for production of
10000 microbial bioactive metabolites, only three genera viz. Thermomonospora, Rodococcus and
Streptomyces are involved in nanoparticles biosynthesis [44]
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UV-visible spectrophotometry
The absorption spectra of AgNPs synthesized by two Streptomyces species showed a surface Plasmon
absorption band with maximum of 417 nm for Streptomyces -13 and 425 for Streptomyces -24, indicating the
resonance of AgNPs (Fig 2 a,b). Similarly Bhainsa reported that the biosynthesized AgNPs are primarily
conformed by UV-Vis spectroscopy and peak was noted at 420 nm [27]. Priyaragini reported that AgNPs
biosynthesized by actinobacteria with sharp narrow absorption peak located between 420-450 nm [24]. Similar
results was found that silver nanoparticles produced by an actinomyces isolated from mangrove soil showed a
strong surface Plasmon resonance band maximum at 432 nm [25]. The absorption peak depends on particle
size and stabilizing molecules [28].

a

b

Figure 2: (a) show UV-Vis spectrum of silver nanoparticles produced by Streptomyces-24 peak at 425 nm. (b) show UVVis spectrum of silver nanoparticles produced Streptomyces-13 at 417 nm.

FTIR Analysis of AgNPs
FTIR spectrum analysis of AgNPs showed intense absorption bands at 3452 and 1635 cm−1 (fig3 a,b).
The intense broad absorbance at 3452 cm−1 (O–H stretch) is the characteristic of the H-bonded functional
group in alcohols and phenolic compounds. The intense medium absorbance at 1635 cm−1 (–C=C– stretch) is
the characteristic of the alkenes group. A previous report reveals that the alcohols, phenolic, and alkanes
groups have a strong ability to interact with nanoparticles.

b

a

Figure 3: (a) FT- IR analysis of AgNps produced by Streptomyces-24. (b) FT- IR analysis of AgNps produced by
Streptomyces-13
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Similarly Panchanathan reported that the biosynthesized AgNPs have (O–H stretch) is the
characteristic of the H-bonded functional group in alcohols and phenolic compounds and (–C=C– stretch) is the
characteristic of the alkenes group [29]. Jasmine reported that FTIR data confirm the presence of C=C ring
stretching [30]. Similar results was found that FTIR analysis data confirms the presence of O–H stretching
which may be responsible for reducing metal ions into their respective nanoparticles [31].
Transmission Electron Microscopy (TEM) Analysis
Silver nanoparticles were observed under transmission electron microscope (TEM), observation at
higher magnification (100000x). TEM studies image of silver nanoparticles derived from Streptomyces 13 and
Streptomyces 24 was shown in Fig 4 and 5. The morphology of biosynthesized silver nanoparticles was
spherical in shape, well distributed without aggregation in solution (fig 3 a,b). The approximate size of the
prepared AgNPs was estimated in range from 10-20 nm. Microbial synthesis of nanoparticles with different
size and shapes depends on the organisms involved concentration of metal ions and duration of metal
incubation period. An actinomycetes Rhodococcus sp synthesized gold nanoparticles intracellularly 5-15 nm
size. Where other actinomycetes Thermomonospora sp synthesize gold nanoparticles extracellular with 8 nm
size. Fusarium oxysporum synthesize 5-15 nm silver and 20-40 nm gold nanoparticles extracellularly
[32,33].The obtained nanoparticles from an actinomycetes are in the range of sizes approximately 5-50 nm
[25]. Streptomyces viridogens strain HM10 synthesizes gold nanoparticles with 18-20nm size [35]. Very few
studies have been reported on actinomycetes capable of synthesizing nanoparticles [24,33, 34]. The average
gold nanoparticle size produced by Streptomyces viridis ranged from 18-20 nm [35]. Nelly reported that the
production rate of silver nanoparticles by Streptomyces glaucus depends not only on the initial concentration
of AgNO3 but also varies with time of silver action [36]. They added that the mean size of nanoparticles
observed is about 27 nm. Some bacteria like pseudomonas stutzeri synthesize silver nanoparticles up to
200nm size [37]. Larger nanoparticles are formed when P.stutzeri AG259 is placed in concentrated aqueous
solution of AgNO3 [38].

b

a

Figure 4: (a) TEM electron micrograph of silver nanoparticles produced by Streptomyces-13. (b) TEM electron micrograph
of silver nanoparticles produced by Streptomyces-24.

Characterization and Identification of potent Streptomyces species
Morphological characteristics of the two Streptomyces isolates were studied using inorganic salt agar
medium (ISP-4) according to the ISP methods [19]. The results of the present investigation show that
Streptomyces M-13 and Streptomyces M-24 are active in biosynthesis of silver nanoparticles and selected for
identification and for the biosynthesis of AgNPs .The identification was carried out according to [39-42].The
identification was confirmed using rRNA sequence analysis based on 16s rRNA sequence.
Identification of Streptomyces M-13
Spore chain are spiral (fig 5) spore surface is smooth (fig 6(a)) and spore mass is gray. Physical and
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biochemical characteristics of Streptomyces M-13 strain are given in table 1:

Figure 5: light microscope micrograph showing spiral shape sporophore.
Table 1: Some morphological, biochemical and physiological characteristics of Streptomyces isolate M-13
Characters
Results
Morphological characteristics
Spore chain
Spiral
Spore surface
Smooth
Colour of aerial mycelium
Gray
Colour of substrate mycelium
Brownish
Diffusible pigment
Not detected
Cell wall hydro lysate
Diaminopimelic acid (DAP)
L-L DAP
Sugar patterns
Not detected
Melanin pigment
-ve
Nitrate reduction
+ve

On the basis of previously collected data it could be showed that Streptomyces M-13 is suggestive of being
belonging to Streptomyces graminofaciens (table 1) and thus given the tentative name Streptomyces
graminofaciens.

b

a

Figure 6: (a) Scanning electron micrograph of Streptomyces isolate -13 showing smooth spore surface. (b) Scanning
electron micrograph of Streptomyces isolate -24 showing spiny spore surface.

Identification of Streptomyces M-24
Spore chain are looped spiral (fig 7) spore surface is spiny (fig 6(b)) and aerial mycelium showed greenish
color on all media. Some morphological physical and biochemical characteristics of Streptomyces M-24 strain
are given in table 2.
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Figure 7: light microscope micrograph showing looped spiral shape sporophore.
Table 2: Some morphological, biochemical and physiological characteristics of Streptomyces isolate M-24
Characters

Results
Morphological characteristics

Spore chain
Spore surface
Colour of aerial mycelium
Colour of substrate
Diffusible pigment
Cell wall hydro lysate
Diaminopimelic acid (DAP)
Sugar patterns
Melanin pigment
Nitrate reduction

Looped-flexuous
Spiny
Greenish gray
Brownish
Not detected
L-L-DAP
Not detected
+ve
+ve

According to the above mentioned results of morphology, physiological, biochemical properties ,and
following the diagnostic working keys for classification and identification of actinomycets [43] and following
the description of the Streptomyces species included in the international Streptomyces project(ISP)[19],this
isolate was characterized to be Streptomyces catenulae and given the names Streptomyces catenulae-24.
Antibacterial activity of biosynthesized AgNPs
The antibacterial activity of AgNPs synthesis by two potent Streptomyces strain was performed.
The results in table (3) and fig( 8 (a,b)) revealed that both gram positive and gram negative bacteria were
inhibited by AgNPs. The biosynthesized AgNPs by both Streptomyces species proved effective against the
tested bacteria but the inhibitory effect varied from one another. Klebsiella, E.coli, Bacillus.cereus, and
S.aureus were more affected by AgNPs compared to Salmonella, Pseudomonas, Moraxella, Acientobacter,
Enterococcus,and St.pneumonia.
Table 3: Antibacterial activity of biosynthesized AgNPs by two Streptomyces spp against resistant bacteria.

Code number

E-8
E-1
E-3
E-2
E-5
E-10
E-7
E-9
E-6
E-4

January – February

Diameter of inhibition zone (mm)
microorganisms
Ag NPs.
Streptomyces
graminofaciens-13
Gram negative isolates
Salmonella sp.
14
Pseudomonas sp.
14
Klebsiella sp.
18
Moraxella sp.
12
E.coli
19
Acientobacter sp.
11
Gram positive isolates
S.aureus
17
Enterococcus sp.
12
Bacillus.cereus
18
St.pneumonia
11
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Fig 8: (a) Antimicrobial activity of AgNPs produced by two Streptomyces sp against six gram negative clinical bacterial
isolates.

Fig 8: (b) Antimicrobial activity of AgNPs produced by two Streptomyces sp against four gram positive clinical bacterial
isolates.
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